Articular replacement performed in patients with body mass index (BMI) above 30 kg/m 2 has shown to be a successful and reproducible procedure with decreased pain and improvement of function and quality of life.
Clinics in Orthopedic Surgery • Vol. 11, No. 2, 2019 • www.ecios.org with BMI greater than 35 kg/m 2 after total hip replacement (THR) and total knee replacement (TKR) during 6.5 years of follow-up. Other studies have reported no difference in the rate of complications. 5, [10] [11] [12] [13] [14] [15] Despite these findings, at this point there is no evidence to contraindicate articular replacement in a patient based on BMI. 8) Considering that the evidence in relation to a greater rate of complications related to joint replacement in obese patients is not conclusive, the goal of this study was to evaluate the relation between BMI and early postoperative complications (first 45 days) in patients with overweight or obesity, in comparison to patients with normal weight that underwent TKR and THR.
METHODS

Design and Study Population
We conducted a retrospective study of patients who underwent primary THR and TKR from Institute of Osteoarticular Diseases, Centro Médico Imbanaco in Cali, Colombia between January 1, 2011 and December 31, 2015. The institutional joint replacement registry was reviewed to identify patients with BMI less than 40 kg/m 2 and minimal postoperative follow-up time of 45 days. The cases were operated if they had signs and symptoms of severe osteoarthritis. We conducted this study in compliance with the principals of the declaration of Helsinki. The study was approved by Institutional Review Board of Centro Médico Imbanaco (No. IRB00008539). Informed consent was not obtained for retrospective designs.
The patients were operated by three orthopedic surgeons (WS, AE, JCP) with more than 20 years of experience in joint replacement surgery, following a standardized surgical protocol. To evaluate the relationship between BMI and complication rate, patients were classified into three groups according to the BMI categories defined by the World Health Organization: normal weight (≤ 24.9 kg/m 2 ), overweight (25- 
Result Variables
The BMI, demographical data, comorbidities, such as hypertension (HT), diabetes, hypothyroidism, pulmonary and cardiovascular diseases, and intra-and postoperative early complication data were gathered from the clinical record. The primary outcomes were the presence of superficial or deep infection, mechanical complications defined as dislocation, fractures, arthrofibrosis or neuropraxia, non-infectious complications of the surgical wound, thromboembolic events and other complications within the following 45 postoperative days. In order to avoid bias in the data collection, a systematic search for complications was done in every case, decreasing the risk of overor underestimation.
Statistical Analysis
The quantitative variables were described by central tendency (mean, median) and dispersion (standard deviation, interquartile range) measures. The qualitative variables were reported as frequencies and proportions. The incidence rate of early infections was estimated using the Wilson method according to the type of joint replacement with a 95% confidence interval (CI).
To evaluate the relationship between BMI and early complications, a Cox regression model adjusted for confounding variables, such as age, sex, replacement type, diabetes mellitus (DM) and arterial HT, was used. The reference category was the normal weight group. The hazard ratio (HR) and corresponding 95% CI were reported. The Kaplan-Meier method was used to describe the occurrence of complications during the first 45 postoperative days. All analyses were carried out with Stata ver. 13.0 (StataCorp., College Station, TX, USA).
RESULTS
During the study period, 781 procedures were performed, . Forty-eight percent (n = 367) of the individuals had been diagnosed with HT and 96 (12.8%) were diabetic. The proportion of cases with DM in normal weight, overweight, and obesity group was 9.1%, 14.7%, and 13.6%, respectively, and the HT percentage was 34.2%, 50.8%, and 58.1%, respectively. The characteristics of the patients according to the type of replacement are described in Table 1 .
The percentage of early complications was 8.9% and there were no differences between the two types of joint replacement (Table 2 ). Infectious and mechanical complications were most frequent in this cohort with a percentage of 2.5% and 3.5%, respectively. The patients that underwent THR had a greater incidence of mechanical complications (6.3%), while the group that underwent TKR had a higher risk of infection (3.3%). Fig. 1 describes the occurrence of different complication types over time.
After adjusting for possible confounding variables, no relationship was found between BMI and early complications (Table 3) . However, there was a slight tendency of a higher risk of infection in the obese patients: they were six times more likely to have an infection than normal weight patients (p = 0.090). Patients with DM had more risk of infectious complications than those without (HR, 2.60; 95% CI, 1.00 to 6.79).
DISCUSSION
The results of this study suggest that there was no statistical relationship between BMI and early complications in patients who underwent THR and TKR. However, there was a tendency towards a higher risk of postsurgical infection in obese patients; this finding also has been shown in other studies. 16, 17) The probability of a higher risk of infection in obese patients could be related to the low vascularity and the thick layer of adipose tissue, which makes the surgical approach more challenging and subsequently prolongs the operative time. In addition, there might be Values are presented as percentage (95% confidence interval). THR: total hip replacement, TKR: total knee replacement. an association with abnormal growth factor and hormonal levels. 18) There is a high prevalence of obesity in patients with an indication of elective orthopedic surgery, particularly in those that require TKR. In this study, the results were similar to those reported elsewhere in literature, 19) with a frequency of overweight or obesity of 75.1%.
We found a high rate of comorbidities, especially HT and DM; these were more frequent among the patients with higher BMI. Other pathologies, such as rheumatoid arthritis, hypothyroidism, neurological and psychiatric comorbidities and others, did not show any statistical relation with early complications. After adjusting for possible confounding variables, there was an incidence of complications of 8.9% and mortality of 0% at 45 days after the procedure, without any difference between the types of joint replacement; these findings are similar to those in previous studies. 20, 21) A higher rate of mechanical complications was observed in the THR group (6.3%): among 17 cases, the most frequent complication was the intraoperative periprosthetic fracture (11 cases), followed by dislocation (three cases) and neuropraxia (three cases). We did not find a relationship between BMI and the development of mechanical complications; multiples studies have shown an increase in the rate of hip dislocation in obese patients. 16, 22) The incidence of periprosthetic fracture in our study was higher (4.1%) than the estimates by Singh et al. 23) who described a rate of 0.7% in 14,065 procedures at 1 year after surgery without differences between obese and nonobese patients.
Similar to other studies, we found a close relationship between the presence of DM and infection risk after THR or TKR. Maradit Kremers et al. 24) reported an increased risk of prosthetic joint infections in 20,171 THR or TKR patients with a diagnosis of DM or hyperglycemia (glucose level > 180 mg/dL). However, they found no association between hemoglobin A1c levels and the risk of infection. In patients with DM, there has been a higher risk of postoperative wound infection after TKR (odds ratio, 6.07; 95% CI, 1.12 to 33.0). 25) Although the diagnosis of DM has been recognized as a major risk factor for infectious complications, this association has been explained due to a close relationship with obesity and other comorbidities. 24, 26) Although based on record review, the main strength of this study is the quality of information, because the follow-up in these patients is part of the routine perioperative care. Because of the close relationship between the incidence of complications with other factors such as age, the presence of diabetes or inflammatory articular disease, statistical methods were used to adjust for these variables and avoid overestimation of the effect of BMI. Prior to joint replacement, all patients with BMI ≥ 40 kg/m 2 are treated with a multidisciplinary approach to encourage weight loss including diet, exercise and behavioral modifications according to institutional protocols.
Severe arthrosis is one of the main consequences of obesity. Obese patients with severe arthrosis could benefit from articular replacement and the procedure might be a cost-effective intervention to improve their quality of life. Our results showed THR or TKR in patients with BMI ≤ 29.9 kg/m 2 did not increase the complication rate. Therefore, it is important to take preventive measures to decrease the risk of infection and maintain close follow-up after THR or TKR so that these procedures can be conducted in patients with BMI > 30 kg/m 2 without increasing the risk of complications.
Further studies with a larger sample size are required to extrapolate these results to patients with morbid obesity and to prove if there is a higher risk of infection and other perioperative complications in this population. The tendency found in our study suggests that there is a relationship between obesity and a higher risk of infection, which we want to be validated in future studies involving a larger sample.
In summary, patients with BMI 25 to 29.9 kg/m 2 undergoing THR or TKR do not have a higher risk of complications than patients with normal weight. Nonetheless, there was a tendency toward a higher risk of infection in patients with some degree of obesity (BMI > 30 kg/m 2 ). Therefore, we believe it is necessary to highlight the importance of a close postoperative follow-up, a multidisciplinary treatment for obesity and other preventive measures to decrease the probability of an infectious process, minimizing the risk in patients with BMI > 30 kg/m 2 . A greater sample size may be required to increase the statistical power in further research due to the low incidence of postoperative complications.
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